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Background {#Sec1}
==========

Tuberculosis (TB) is one of the most serious public health challenges worldwide. Globally, around 10.4 million people develop TB and 1.8 million people die from it (0.4 million of these also have HIV) \[[@CR1]\].

China and India account for more than half of the TB burden worldwide \[[@CR1]\]. Sub-Saharan Africa, including Ethiopia, has the highest prevalence of TB infection in the world. In 2015, a World Health Organization (WHO) report showed that Ethiopia ranked seventh out of 22 countries with the highest TB burden \[[@CR1]\].

The WHO has implemented the standardized directly observed treatment, short-course (DOTS)/Stop TB Strategy to scale up TB prevention and control. The TB control program in Ethiopia introduced health facility-based DOTS as a pilot program in 1992 \[[@CR2]\] and at the Debre Tabor General Hospital (DTGH) in 2000.The geographic coverage of the DOTS strategy in the country is 71% \[[@CR1]\]. The TB treatment success rate for all forms of TB in 2014 was 89%, which was close to the global milestone target set at \> 90% for 2025 \[[@CR1]\].

Even though the objectives of TB treatment are curing patients, as well as preventing the spread of TB infection and the emergence of new drug-resistant strains, these are not achieved in many regions of the world due to several factors. These include: the severity of the disease, co-infection with HIV and/or other diseases, multidrug resistance, poverty and the support provided to patients such as; helping them to take their TB medications regularly and to complete TB treatment as well as financial, social and psychological support \[[@CR3]--[@CR9]\].

Treatment outcomes of TB have been evaluated at some of the facilities providing DOTS in Ethiopia \[[@CR3]--[@CR9]\]. In these studies, the age, sex, and residence of patients, as well as the form of TB have been reported to affect treatment outcome. Investigating factors affecting treatment outcomes of TB patients helps to improve the performance of DOTS and informs TB infection and control programs.

In Ethiopia, which is characterized by poor surveillance system, as well as poor supportive supervision and mentorship for health professionals, possible recognition and amendment of system failures are unlikely \[observation\]. Although a number of DOTS experiences have been reported in Ethiopia \[[@CR3]--[@CR9]\], treatment outcomes of patients and associated factors have not been assessed in the present study area. Moreover, the TB/HIV co-infection rate and its association with TB treatment outcomes have not been assessed at the TB clinic of the DTGH as part of the auditing service. Thus, this study was conducted to assess TB treatment outcomes and their associated factors at this facility.

Materials and methods {#Sec2}
=====================

Study setting {#Sec3}
-------------

This study was conducted at the DTGH. The hospital is a general healthcare-level setting that serves general medical service for the population of Debre Tabor town and its surroundings. The total population served by the hospital is about five million. TB patients may go to the hospital with or without referral.

The DOTS clinic at the hospital operates under the National TB and Leprosy Program (NTLCP) of Ethiopia. Patients used to be diagnosed for TB using the spot-morning-spot smear strategy, but now they are diagnosed using the spot-spot strategy and chest radiographs \[[@CR10]\].

To test for TB microscopically, sputum smears are prepared, air dried, fixed, stained using the Ziehl-Neelsen method, and examined by direct microscopy for acid-fast bacilli (AFB) using oil-immersion (100 ×) objectives, according to the NTLCP protocol \[[@CR2]\]. If the sputum smear is negative, doctors establish the diagnosis of TB primarily based on clinical grounds such as chest X-ray. Patients who test positive are referred to the DOTS clinic where they are registered and treated, as according to the NTLCP.

Study design and data collection {#Sec4}
--------------------------------

A nine-year retrospective descriptive analysis to assess treatment outcomes and associated risk factors pertaining to the 985 registered TB patients was carried out at the DOTS clinic at the DTGH from September 2008 to December 2016. Patients were provided with free TB medications for a period of 6--9 months. All 985 patients were followed up during their course of treatment to assess treatment outcomes. Demographic data such as patients' age, sex, place of residence, clinical data, HIV sero-status, TB type, and treatment outcomes were captured in the registration form.

Patients' treatment outcomes were evaluated according to the NTLCP and classified as either: cured (finished treatment with negative bacteriology result at the end of treatment); treatment completed (finished treatment but without bacteriology result at the end of treatment); defaulted (patients who interrupted their treatment for two consecutive months or more after registration); treatment failure (remaining smear-positive at five months despite correct intake of medication); died (patients who died from any cause during the course of treatment); transferred out (patients whose treatment result is unknown due to transfer to another health facility); successfully treated (a patient who was cured or completed treatment); and unsuccessfully treated (patients whose treatment was interrupted, who were transferred out or who failed treatment) \[[@CR2], [@CR11], [@CR12]\].

Statistical analysis {#Sec5}
--------------------

All data were entered, cleared, and analysed using the SPSS Statistics software package version 22.0 (IBM SPSS Statistics for Windows, Armonk, NY: IBM Corp.). Descriptive data analysis such as proportion, median, and range were used to visualize differences within the data. Moreover, a stepwise logistic regression model was constructed to assess factors associated with TB treatment outcomes in terms of an odds ratio (*OR*) and its 95% confidence interval (*CI*). The *P*-value was set at 0.05 to indicate a statistically significant difference. In the univariate analysis, variables with *P*-values of \< 0.2 were subject to a multivariate analysis.

Results {#Sec6}
=======

In this study, data pertaining to 985 TB patients were reviewed. Slightly more than half of the total registered patients were male (516, 52.4%) with a median age of 28 years. About a third of the patients were in the age group of 15--24 years (292, 29.6%) and about a quarter were in the age group of 25--34 years (235, 23.9%). The majority of TB patients were newly diagnosed (832, 84.5%). Of the total TB patients, 381 (38.7%), 363 (36.9%), and 241 (24.5%) were smear-negative pulmonary tuberculosis (PTB-), extra pulmonary tuberculosis (EPTB), and smear-positive pulmonary tuberculosis (PTB+) cases, respectively. The proportion of TB/HIV co-infection cases was 238 (24.2%) (see Table [1](#Tab1){ref-type="table"}).Table 1Demographic and TB-related history of patients at the DTGH, 2008--2016VariableFrequencyPercentageSexMale51652.4Female46947.6Age group (in years)0--149910.115--2429229.625--3423523.935--4415115.345--54848.555--64545.5≥ 65707.1TB registration statusNew83284.5Relapsed575.8Failed181.8Transfer in707.1Other80.8Type of TBPTB+24124.5PTB-38138.7EPTB36336.9HIV statusPositive23824.2Negative70671.7Unknown414.2Total985100.0

Excluding the transferred out (*n* = 219) and unknown treatment outcome (*n* = 20) cases, there were 672 (90.1%) patients with successful treatment outcomes (cured and treatment completed), while 74 patients (9.9%) had unsuccessful treatment outcomes (death and treatment failure) (see Fig. [1](#Fig1){ref-type="fig"}). Among the HIV-positive TB patients included in the analysis for TB treatment outcome (*n* = 176), the treatment success rate was 88.1%, only about 2% lower than the success treatment rate of all subjects.Fig. 1Proportion of TB treatment outcome of the study participants (*n* = 985), Debre Tabor General Hospital, 2016

Taking into account the TB patients with known treatment outcomes, a regression analysis was conducted to assess whether treatment outcomes were associated with patients' sex, age, HIV status, and type and history of TB. No statistically significant differences among these variables against the TB treatment outcome were found (see Table [2](#Tab2){ref-type="table"}).Table 2Logistic regression analysis showing associations between TB treatment outcomes and potential predictors, DTGH, 2008--2016VariablesTB treatment outcome^a^c*OR* (95% *CI*)*P* valuea*OR* (95% *CI)P* valueUnsuccessful *n* (%)Successful *n* (%)SexMale45 (5.7)344 (94.3)11Female29 (8.1)328 (91.9)1.5(0.92.4)0.121.5(0.9--2.5)0.10Age group (in years)0--148 (11.6)61(88.4)1115--2417 (7.2)220(92.)1.7(0.7--4)0.241.8(0.73--4.46)0.2025--3411 (6.4)160(93.)1.9(0.7--5)0.192(0.77--5.4)0.1535--4418 (16.5)91 (83.5)0.66(0.27--1.6)0.370.73(0.29--1.8)0.5045--547 (9.2)60 (90.8)1.12(0.38--3.3)0.81.18(0.4--3.5)0.7655--646 (8.3)36 (91.7)0.78(0.25--2.45)0.680.8(0.25--2.5)0.70≥ 657 (13.7)44 (86.3)0.8(0.28--2.4)0.720.86(0.3--2.6)0.78Type of TBPTB+18 (9.5)171(90.5)11PTB-29 (10.5)247(89.5)0.89(0.48--1.66)0.701.04(0.5--2)0.89EPTB27 (9.6)254(90.4)0.99(0.5--1.8)0.981.04(0.5--2)0.89TB registration statusNew62 (10.1)550(89.9)11Relapse4 (8.2)45 (91.8)1.3(0.44--3.6)0.661.48(0.5--4.4)0.47Treatment after Failure1(5.9)16 (94.1)1.8(0.23--31.8)0.571.6(0.2--12.7)0.65Transfer in6 (9.7)56 (90.3)1.05(0.44--2.5)0.90.93(0.37--3)0.87Other1 (16.7)5 (83.3)0.56(0.06--4.9)0.60.37(0.04--3.3)0.37HIV statusPositive21 (11.9)155(88.1)11Negative50 (9.2)494(90.8)1.33(0.78--2.3)0.301.37(0.76--2.4)0.23Unknon3 (11.5)23 (88.5)1.03(0.28--3.76)0.951.13(0.3--4.2)0.5^a^NB: the calculation excluded transferred out (*n* = 219) and treatment outcome unknown (20) cases

Analysis was also done to assess whether TB/HIV co-infection was associated with patients' sex, age, and types of TB. The odds of having HIV was higher by 44% (a*OR*: 0.44; 95% *CI*: 0.25--0.8) and 39% (a*OR*: 0.39; 95% *CI*: 0.20--0.70) among those patients in the age groups of 25--34 and 35--44 years, respectively, when compared with those in the age group of 0--14 years. On the contrary, those in the age group of ≥65 years were 4.2 times more likely to have a TB/HIV co-infection than children (*aOR*: 4.2; 95% *CI*:1.30--12.9) (see Table [3](#Tab3){ref-type="table"}).Table 3Regression analysis showing the association between TB/HIV co-infection cases and patients' sex, age and types of TB, at the DTGH, 2008--2016TB/HIV co-infection*cOR (95% CI)P* value*aOR (95% CI)P* valueYes, *n* (%)No, *n* (%)SexMale117 (23.9)373 (76.1)11Female121 (26.7)333 (73.3)0.9 (0.60--1.20)0.330.92 (0.68--1.20)0.62Types of TBPTB+67 (28.8)166 (71.2)11PTB-95 (26.0)270 (74.0)1.12 (0.8--1.70)0.461(0.7--1.50)0.88EPTB76 (22.0)270 (78.0)1.40 (1.0--2.10)0.061.4(0.92--2.0)0.12Age group (in years)0--1419 (19.8)77 (80.2)1115--2449 (17.3)235 (82.7)1.2 (0.66--2.13)0.601.2(0.66--2.0)0.5625--3481 (36.3)142 (63.7)0.43 (0.24--0.77)0.0040.44(0.25--0.80)0.00635--4457 (39.3)88 (60.7)0.38 (0.21--0.70)0.0020.39(0.20--0.70)0.00244--5422 (27.8)57 (72.2)0.64 (0.32--1.30)0.210.67(0.33--1.40)0.2755--646 (8.9)43 (91.9)1.8(0.66--4.80)0.301.8(0.67--4.80)0.25≥ 654 (5.9)64 (94.1)3.9(1.30--12.20)0.0124.2 (1.30--12.9)0.014

Discussion {#Sec7}
==========

Tuberculosis remains a major public health problem around the globe, especially in developing nations like Ethiopia. Assessing TB treatment outcomes is important for stakeholders working to evaluate the performance of TB treatment strategies such as DOTS and patient-related factors.

Our present and previous studies \[[@CR13], [@CR14]\], and other similar studies \[[@CR6], [@CR15]\] conducted in Ethiopia, consistently show that TB presence is relatively higher among males than females. So far, the reports of consistently high prevalence rates of TB among the male population were discussed poorly in Ethiopia. However, emerging reports outside of Ethiopia show host genetic bases for such differences \[[@CR16]--[@CR19]\]. Furthermore, sexual hormones, sex-related genetic background and genetic regulations, and metabolism, among other factors, might contribute in susceptibility differences between men and women \[[@CR17], [@CR20]\]. Recently, an *X* chromosome susceptibility gene has been suggested as explaining the higher susceptibility of males than females to TB \[[@CR17]\].

In this study, the burden of TB was higher among the age groups of 15--24 and 25--34 years. This is in line with many similar studies that confirm as TB mainly affects sexually active and reproductive age groups. This might also be due to high HIV prevalence in these age groups \[[@CR12]\].

The proportion of PTB+, PTB-, and EPTB cases were24.5%, 38.7%, and 36.9%, respectively. The proportion of PTB+ cases was relatively lower when compared to the national average reported by the WHO between 2011 and 2015, of 32.4% \[[@CR21]--[@CR24]\]. Moreover, bacteriologically confirmed TB is also much lower than the national average of 54% \[[@CR1]\]. However, there are similar reports showing lower notification rates of PTB+ cases and high numbers of EPTB cases in the northern part Ethiopia \[[@CR3], [@CR13]--[@CR15], [@CR25], [@CR26]\]. The causes for this are not yet identified and some reports suggest that it might have something to do with the host genomic base, but this needs further investigation \[[@CR27]\]. On top of this, due to limited resources, most of the health facilities in Ethiopia have been using AFB microscopy, which has low sensitivity (40--45%) and might contribute to lower notification rates of PTB+ (observation). The results of this study could be used to support the country's strategy to use rapid, sensitive, and specific point-of-care diagnostic technologies such as GeneXpert among vulnerable groups (children, HIV positive people, etc.).

The proportion of TB/HIV co-infection cases was 24.2%, which is much higher than the national prevalence of 8% \[[@CR1]\]. This could partly be explained by the fact that the subjects in the present study were individuals with active TB, who might have undying immunological defect like HIV. On top of this, the national TB/HIV co-infection estimate was based on the community-based survey. At the same time, our findings are from one site, while the national data is countrywide and thus disparity is likely. However, similar findings to the present study have also been reported by other studies conducted in Ethiopia \[[@CR28]--[@CR30]\].

In the present study, the proportion of patients with successful treatment outcomes (cured and completed) was found to be 90.9%, which is higher than the WHO target set for the Millennium Development Goal(MDG) of 85% \[[@CR31]--[@CR33]\] and comparable to that of the milestone target set globally for 2025 of \> 90% \[[@CR1], [@CR34]\].Comparable findings were reported by other Ethiopian studies \[[@CR5], [@CR26], [@CR35]--[@CR37]\].

In this study, large proportions of TB patients were transferred out of the DTGH. This result is in line with our previous report \[[@CR14]\]. This might be due to these studies being conducted in hospitals that have been serving a wider population. Thus, once these patients are diagnosed, they are transferred to a nearby health facility for follow-up. When comparing hospitals with lower level health facilities such as health centres, it is found that hospitals have a higher proportion of transfer-out cases \[[@CR25]\]. Due to this, we have excluded transfer-out and unknown treatment outcome cases in the subgroup analysis for tracing associated factors with treatment outcome.

Among the HIV-positive TB patients, the treatment success achieved was 88.1%, only about 2% lower than the success treatment rate of all subjects. The 2% unsuccessful treatment outcome among HIV co-infected TB patients might be attributed to factors such as underlying HIV and other undiagnosed opportunistic infections.

Tuberculosis treatment outcome was not associated with patients' age, sex, type and history of TB, and TB/HIV co-infection (*P* \> 0.05) (see Table [2](#Tab2){ref-type="table"}). This might be due to the statistical pooling effect of the reference groups. In contrast to our study, other studies have shown an association between HIV co-infection and TB treatment outcome \[[@CR27], [@CR35]\].

Though not statistically significant, this study showed that the proportion of patients who were successfully treated for TB/HIV co-infection was higher among female PTB+ patients (see Table [3](#Tab3){ref-type="table"}). This is in line with a similar report from the Tigray region, Ethiopia \[[@CR36]\] and might be related with the lesser probability of females engaging in risky behaviours such as alcohol, substance, and tobacco abuse (observation). However, TB/HIV co-infection was significantly associated with the age groups of 25--34 and 35--44 years (*aOR*: 0.44; 95% *CI*: 0.25--0.8) and (a*OR*: 0.39; 95% *CI*: 0.2--0.7), respectively. A similar finding was reported by another study \[[@CR38]\]. This might be explained by the higher prevalence of HIV among these age groups, which could increase the chance of reactivation of HIV-associated TB. On top of this, participants in the age group of ≥65 years were found 4.2 times more likely to have a TB/HIV co-infection than children (*aOR*: 4.2; 95% *CI*: 1.30--12.9) that might be due to their declined immune status.

The results of our study should be applied with caution when evaluating the overall TB treatment success rate in the studied region. Our findings are subject to at least three limitations. The first is selection bias. The second is that the study site (DTGH) is a general hospital, in which patients could come from other health facilities to be diagnosed. Third, patients were first admitted to the DTGH and after starting the intensive phase of treatment, they transferred out to their nearby health facilities. Thus, their final treatment outcomes (cured, failure, default, or death) were not captured. At the same, due to the retrospective nature of the study, it was not possible to show detailed clinical profiles of the TB patients, which might play a significant role in indicating the overall picture of the study participants.

Nevertheless, our study tried to provide baseline information about treatment outcomes of TB patients and showed related key gaps, such as the large amount of undocumented treatment outcome data. The results of this study also indicate that TB is still a major public health problem at the studied area.

Conclusions {#Sec8}
===========

This study showed that TB mainly affected individuals in the reproductive age group. The proportion of patients who were successfully treated was above the MDG target of 85% treatment success rate and comparable with the milestone target of \> 90% treatment success rate.

A relatively higher number of transfer-out cases were recorded in this study. Thus, the studied health facility should network with other health service centres to document the treatment outcomes of patients.

The proportion of TB/HIV co-infection was 24%, which was much higher than the national average of 8%. Thus, early HIV and TB screening and antiretroviral treatment initiation should be put in place. Moreover, the use of isoniazid prophylaxis should be maximized to prevent HIV-associated TB.
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*CI*
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